First characterization of Swift J1845.7-0037 with NuSTAR by Doroshenko, V. et al.
Astronomy & Astrophysics manuscript no. main c©ESO 2019
November 5, 2019
First characterization of Swift J1845.7−0037 with NuSTAR
V.Doroshenko1, 3, S. Tsygankov2, 3, J. Long1, A. Santangelo1, S. Molkov3, A. Lutovinov3, 4, L.D. Kong5, 6,
S. Zhang5
1 Institut für Astronomie und Astrophysik, Sand 1, 72076 Tübingen, Germany
2 Department of Physics and Astronomy, FI-20014 University of Turku, Turku, Finland
3 Space Research Institute of the Russian Academy of Sciences, Profsoyuznaya Str. 84/32, Moscow 117997, Russia
4 Moscow Institute of Physics and Technology, Moscow region, Dolgoprudnyi, Russia
5 Key Laboratory for Particle Astrophysics, Institute of High Energy Physics, Chinese Academy of Sciences, 19B
Yuquan Road, Beijing 100049, People’s Republic of China
6 University of Chinese Academy of Sciences, Chinese Academy of Sciences, Beijing 100049, People’s Republic of China
November 5, 2019
ABSTRACT
The hard X-ray transient source Swift J1845.7−0037 was discovered in 2012 by Swift/BAT. However, at that time no
dedicated observations of the source were performed. On Oct 2019 the source became active again, and X-ray pulsations
with a period of ∼ 199 s were detected with Swift/XRT. This triggered follow-up observations with NuSTAR. Here
we report on the timing and spectral analysis of the source properties using NuSTAR and Swift/XRT. The main goal
was to confirm pulsations and search for possible cyclotron lines in the broadband spectrum of the source to probe its
magnetic field. Despite highly significant pulsations with period of 207.379(2) were detected, no evidence for a cyclotron
line was found in the spectrum of the source. We therefore discuss the strength of the magnetic field based on the source
flux and the detection of the transition to the “cold-disc” accretion regime during the 2012 outburst. Our conclusion is
that, most likely, the source is a highly magnetized neutron star with B & 1013G at a large distance of d ∼ 10 kpc. The
latter one consistent with the non-detection of a cyclotron line in the NuSTAR energy band.
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1. Introduction
The transient source Swift J1845.7−0037 was discovered
in the XMM slew survey as XMMSL1 J184555.4-003941
(Saxton et al. 2008), and was later identified as a hard X-
ray transient following the detection by Swift/BAT in 2012
(Krimm et al. 2012). In 2019 the source was detected by
MAXI (Negoro et al. 2019) and followed-up by Swift/XRT,
which allowed the detection of pulsations at ∼ 200 s (Kennea
et al. 2019b) and better constrained the X-ray position of
the source thereby suggesting 2MASS J18455462-0039341 as
optical counterpart candidate (Steele 2019; Kennea 2019).
An analysis of the spectral energy distribution of this ob-
ject suggests it is a strongly absorbed early type star with
Teff ∼ 28000− 33000K (McCollum & Laine 2019a,b) con-
sistent with the expected Be-transient origin of the source
(Kennea et al. 2019b). Here we report results of the follow-
up observations of Swift J1845.7−0037 with the NuSTAR
observatory (Harrison et al. 2013) aimed at provide first
characterization of its broadband X-ray properties.
2. Observations and data analysis
Following the detection of pulsations with MAXI (Ken-
nea et al. 2019b) we triggered an observation of
Swift J1845.7−0037 with NuSTAR on MJD 58777 for 44 ks
(Obsid. 90501347002, effective exposure ∼ 23.5 ks). Data re-
duction was carried out using the HEASOFT 6.26.1 package
with current calibration files (CALDB version 20191008)
and standard data reduction procedures as described in
the instruments documentation. Source spectra were ex-
tracted from a region of 54′′ radius around the position of
Swift J1845.7−0037, whereas background spectra were ex-
tracted from a circular region of 147′′ radius away from the
source. The extraction regions were optimized to increase
the signal to noise ratio in the hard energy band ≥ 40 keV
as described in (Vybornov et al. 2018). The spectra for the
two NuSTAR modules (FPMA and FPMB) were extracted
independently and modeled simultaneously in the 3−79 keV
range. All spectra were grouped to include at least 25 counts
per energy bin. Lightcurves of the two modules were co-
added and background subtracted unless stated otherwise.
We also analyzed Swift/XRT observations for which the
source spectrum was extracted using online tools1 provided
by the UK Swift Science Data Centre (Evans et al. 2009).
The spectrum was grouped to contain at least 25 counts per
energy bin and modeled simultaneously with the NuSTAR
spectra using the xspec 12.10.1.f package (Arnaud 1996).
2.1. Timing analysis
As shown in Fig. 1, strong pulsations with a period of ∼ 200 s
are clearly visible directly in the source lightcurve. Epoch
folding search reveals a strong peak around 207.4 s. We as-
sumed the source position reported by Kennea et al. (2019b)
for the barycentric correction. No binary correction was
1 http://www.swift.ac.uk/user_objects/
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Fig. 1. Part of the lightcurve of the source in the 3-10 keV (red)
and 20-40 keV (blue) bands as observed by NuSTAR. Strong
pulsations with a period of ∼ 200 s are observed throughout the
whole energy range.
applied as the orbital parameters are not known. To refine
this value and estimate the uncertainty of the measured
spin period, we used a phase-connection technique (Deeter
et al. 1981). Times of arrival (TOAs) of individual pulse cy-
cles were determined by direct fitting the average template
obtained by folding the entire 3-20 keV lightcurve with the
period found above, allowing the shifting and rescaling of
the template in time and count-rate by arbitrary factors con-
sidered as free parameters. The average uncertainty of TOAs
was found to be ∼ 1.7 s. The individual TOAs were then
fitted assuming a constant period, i.e., ti,calc = ni × p+ t0,
which resulted in the period estimate of P = 207.379(2).
No evidence for the change of the spin period within the
observation was found, which is not surprising considering
its relatively short duration.
Using the obtained period, we folded the lightcurves
extracted in several energy bands in order to investigate the
evolution of the pulse profile with the energy. As shown in
Fig. 2, the pulse profile at lower energies exhibits a com-
plex morphology, showing several narrower peaks within a
broader main peak and its rising phase. At higher energies
(& 15 keV) these structures gradually disappear. This can be
better illustrated with the phase-energy matrix shown in the
same figure. In addition, the pulsed fraction decreases with
the energy at soft X-rays, whereas increases at harder ener-
gises reaching almost 100% at the highest energies (Fig. 3),
as typical for bright X-ray pulsars (Lutovinov & Tsygankov
2009). The observed pulse profile evolution suggests a pos-
sible presence of an independent soft spectral component
which exhibits a different and more complex dependence on
the pulse phase.
2.2. Spectral analysis
As reported in (Doroshenko & Tsygankov 2019), the source
spectrum measured with NuSTAR is typical of X-ray pulsars
and can be described with a Comptonization model with
an electron temperature of 6− 7 keV. It does not show any
evident absorption features suggestive of electron cyclotron
resonance scattering lines. This conclusion does not depend
0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
0.5
1.0
1.5
3-
10
ke
V
0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
0.5
1.0
1.5
10
-2
0
ke
V
0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
1
2
20
-4
0
ke
V
0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
Phase
0
1
2
40
-8
0
ke
V
0.0 0.2 0.4 0.6 0.8 1.0
Phase
10
20
30
40
50
E
ne
rg
y,
ke
V
0.4
0.6
0.8
1.0
1.2
1.4
1.6
1.8
2.0
Fig. 2. Representative pulse profiles of the source as observed
by NuSTAR in several energy bands (top), and phase-energy
matrix showing the energy evolution of the (normalized) pulse
profiles in details (bottom). In the later case, slices along the
constant energy represent normalized pulse profiles similar to
those shown in the top panel. Note the energy dependence of
pulse profile shape, particularly around ∼ 15 keV.
on the model chosen to describe the continuum emission.
The latter can be described by different continuum models
such as, for example, a cutoff power law combined with
partial-covering absorption or an additional soft blackbody
component, a combination of different Comptonization mod-
els, etc.). Considering that the interpretation of parameters
of commonly used phenomenological models is often rather
ambiguous, we adopt here one of the simplest commonly
used model adequately describing the broadband phase-
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Fig. 3. Pulsed fraction of Swift J1845.7−0037 defined as
(max(rate)−min(rate))/((max(rate)+min(rate)) as a function
of the energy.
averaged spectrum of the source. This is an absorbed power
law with the Fermi-Dirac (Tanaka 1986) cutoff implemented
using the mdefine command in the xspec package. The
absorption was modeled using TBabs model and abundances
from Wilms et al. (2000).
Besides the continuum we also included in the model a
narrow Gaussian line at ∼ 6.4 keV to account for the weak
iron line observed in the spectrum of the source, and cross-
normalization constants to account for slight differences in
the absolute flux between two NuSTAR telescope modules
and Swift/XRT. The energy resolution of NuSTAR does
not allow to constrain the iron line width, so it was fixed
to 0.1 keV. For the phase-averaged analysis we used only a
single XRT observation (Obsid. 00032472018), the closest in
time to the NuSTAR observation. In fact, Swift observed the
source on MJD 58775.5 whereas the NuSTAR observation
started 1.5 days later. This resulted in a much lower exposure
(∼ 750 s) and counting statistics in the soft energy band. Still,
extending the lower energy coverage helped to constrain
the absorption column which appears to be a factor of
two higher compared to the expected interstellar value (∼
1.72×1022 atoms cm−2 HI4PI Collaboration et al. 2016). As
we said, no evidence for a cyclotron line was obtained (Fig. 4).
The best-fit parameters for the continuum component and
the iron line are listed in Table 1. In addition the table
includes the values of the cross-normalization constants,
and the observed and unabsorbed fluxes in the 0.1-100 keV
energy band.
We have also performed pulse phase resolved spectral
analysis using the model described above. Swift/XRT data
could not be used. We fixed, therefore, the absorption col-
umn and iron line parameters to values derived from the
phase-averaged spectral analysis. Variations of the parame-
ters with the pulse phase are shown in Fig. 5.
3. Discussion and summary
The transient source Swift J1845.7−0037 was discovered in
2012. No dedicated observations in the broad energy band
were performed and the source was only observed by all sky
monitors and Swift/XRT. In Oct 2019 a new outburst from
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Fig. 4. Unfolded spectrum assuming the best-fit FDCUT contin-
uum as observed by Swift/XRT (green), and NuSTAR (black for
FPMA and red for FPMB). The lower panel shows corresponding
residuals.
Table 1. Best-fit parameters of the phase-averaged spectrum of
Swift J1845.7−0037 using the FDCUT model. Cross-normalization
constants relative to FPMA, observed and intrinsic fluxes in 0.1-
100 keV band, equivalent width of the iron line WFe, and fit
statistics are also reported.
Parameter Value
NH , 1022 atoms cm−2 5.4(4)
Γ 0.69(2)
AΓ, ph keV−1cm−2 s−1 0.0102(4)
Ecut, keV 22.4(6)
Efold, keV 8.7(2)
EFe, keV 6.44(7)
WFe, keV 0.0766(6)
CFPBB 1.019(4)
CXRT 1.13(7)
Fx,obs, 10−10 erg cm−2 s−1 7.61
Fx,unabs, 10−10 erg cm−2 s−1 8.23
χ2/dof 607.16/585
the source was observed by MAXI (Kennea et al. 2019a),
which was followed-up first with Swift, which provided hints
for pulsations (Kennea et al. 2019b) and then with NuS-
TAR. We observed the source on Oct 21, 2019, confirming
strong pulsations with high significance. Besides confirm-
ing the nature of the source, one of the prime goals of our
investigation was to search for possible electron resonance
scattering cyclotron lines in the spectrum, to estimate the
strength of the pulsar’s magnetic field. Unfortunately, our
analysis did not show evidence for cyclotron lines. In fact,
the broadband continuum spectrum of the source can be
well described by different phenomenological models without
the necessity to include any absorption line in any of the
models. The source’s spin period remained constant, which,
together with the unknown orbit and distance, precludes any
estimate of the magnetic field by modeling spin evolution
with accretion torque models (see, e.g., Tsygankov et al.
2016, 2017a; Doroshenko et al. 2018; Lutovinov et al. 2019,
for the current results).
Still, important information on the source properties has
been deduced based the X-ray phenomenology. First of all,
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Fig. 5. Evolution of the FDCUT continuum parameters with the
pulse phase. The pulse profiles of the source in soft (3-20 keV,
red) and hard (20-80 keV, blue) are also plotted for reference.
the comparison of the source’s flux with typical luminosities
( ∼ 1037 erg s−1) reached in outbursts by other Be transients,
suggests a large distance to the source, i.e., ∼ 10 kpc. This
conclusion is consistent with the observed strong absorption
both in the X-ray (see Table 1) and optical bands (McCol-
lum & Laine 2019b), which actually exceeds the expected
interstellar absorption integrated over the entire Galaxy,
and strong local absorption is not common for BeXRBs.
We note that this conclusion is in line with the observed
complex energy evolution of the pulse profile and observed
variation of spectral parameters with pulse phase.
Indeed, strong energy dependence of the pulse pro-
files suggests a strong energy dependence of the intrinsic
beam pattern as expected for high luminosity accreting
pulsars, where an accretion column is expected to develop
(Basko & Sunyaev 1976). On the contrary, pulse profiles
of complex morphology and energy dependence are nor-
mally not observed in accreting pulsars of lower luminosity
(∼ 5 × 1036 erg s−1, Karino 2007). The complex phase de-
pendence of the source spectrum can be explained by the
phase-dependent visibility of different regions of the col-
umn and of parts of the neutron star’s surface illuminated
by the column (Kraus et al. 2003; Poutanen et al. 2013).
We emphasize that any meaningful interpretation of the
observed variations of spectra parameters of the phenomeno-
logical models like FDCUT is not straightforward, especially
considering that the observed pulse profile evolution with
the energy suggest a combination of emission components
from the two poles of the pulsar, that may contribute to the
spectrum at any phase, although with different weight. Still,
one might notice that variation of the photon index Γ and
folding energy Efold follows different patterns. Whereas the
latter traces the overall flux evolution the former is phase
shifted by ∼ 0.25. This could again point to the presence of
two independent spectral components with a similar visibil-
ity pattern throughout the pulse, but shifted in phase, i.e.,
the emission from two poles of the pulsar. This conclusion
could be confirmed by the detailed modeling of the pulse
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Fig. 6. Bolometric source flux estimated based on historic
Swift/XRT lightcurve of the source as described in the text.
The horizontal line indicates flux corresponding to transition to
“cold”-disc accretion regime.
profiles similar to that performed by Kraus et al. (2003),
which is, however, out of the scope of the current work.
Nevertheless, the complex phase dependence of spectral pa-
rameters again points to presence of an accretion column
in Swift J1845.7−0037, which implies then a super-critical
luminosity ∼ 1037 erg s−1 (Basko & Sunyaev 1976), which
only weakly depends on the assumed magnetic field strength
of the neutron star unless it is magnetar-like (Mushtukov
et al. 2015). Comparing this luminosity with the observed
flux yields a distance of ∼ 10 kpc, in agreement with other
considerations discussed above. We note that a much more
robust distance estimate can be obtained from follow-up
observations of the counterpart.
The magnetic field of the source can not be directly
estimated due to the lack of detection of any cyclotron line.
Nevertheless, some indirect estimates can be done based
on the analysis of archival Swift/XRT data from the 2012
outburst. To estimate the bolometric source flux, we ex-
tracted spectra of each XRT observations and fitted them
using the same model used for the NuSTAR observations
considering only the 0.5-10 keV flux as a free parameter
(i.e., multiplied the model by the cflux component). Here
we used XRT data in the 0.5-10 keV and 0.9-10 keV bands
for the photon counting and windowed modes respectively.
Spectra were grouped to contain at least one count per
energy bin. We used lstat to fit the spectra and estimate
the flux uncertainties. The obtained fluxes were then multi-
plied by the bolometric correction of 4.96 estimated from
the NuSTAR fit to get an unabsorbed source flux in the
0.1-100 keV energy band. The resulting lightcurve of the de-
clining tail of the 2012 outburst is shown in Fig. 6. The flux
in the decay of the outburst levels out around MJD 56090 at
FX ∼ 2× 10−11 erg cm−1 s−1 (note the logarithmic scale for
flux), which is strikingly similar to the behaviour observed
in several other pulsars (Tsygankov et al. 2017b, 2019).
In particular, Tsygankov et al. (2017b) argued that the
flattening of the accretion rate at low fluxes observed in
GRO J1008−57 is attributed to the transition of the accre-
tion disc to the non-ionized state with the lower viscosity,
a well known mechanism in dwarf novae. The transition
luminosity is defined by the temperature at the inner bound-
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ary of the accretion disc, which, for magnetized objects, is
defined in turn by the magnetic field strength:
Lcold = 9× 1033k1.5M0.281.4 R1.576 B0.8612 erg s−1.
Here M1.4, R6 and B12 are neutron stars mass in units of
1.4M, 106 cm and 1012 G, respectively, and k ' 0.5 is the
coupling constant defining the effective magnetospheric ra-
dius with respect to the classical Alfvén radius. As discussed
by Tsygankov et al. (2017b), this estimate is rather crude,
and depends on a number of assumptions, however, the sce-
nario itself seems now to be confirmed by observations of the
same state in several objects (Tsygankov et al. 2017b, 2019).
We emphasize that as discussed by Tsygankov et al. (2017b),
the transition to the cold-disc state is actually inevitable for
slowly spinning pulsars with P & 40 s. We therefore suggest
that the observed flux leveling in Swift J1845.7−0037 corre-
sponds to this transition, which can be used to estimate its
magnetic field.
As already mentioned, the flux corresponding to the tran-
sition in Swift J1845.7−0037 is FX ∼ 2×10−11 erg cm−1 s−1
implying a luminosity of ∼ 2.4×1035(d/10 kpc)2, which can
be compared either with the theoretical value or observed
transitional luminosity in the pulsar with the known field.
In particular, in the source GRO J1008−57 such a transi-
tion occurs at ∼ 2 × 1035 erg s−1 and the field strength is
estimated at 8× 1012 G (Yamamoto et al. 2013) based on
the observed cyclotron line energy. We emphasize that the
strong absorption, arguments on the source luminosity and
the pulse profile energy dependence strongly favor the large
distance to the source (i.e., ∼ 10 kpc as assumed above),
which implies that the magnetic field in Swift J1845.7−0037
must also be comparable to that in GRO J1008−57, i.e.,
around ∼ 1013 G. This translates into a rather high value
of the cyclotron line energy at & 80 keV, beyond the obser-
vational range of NuSTAR. We note that Insight-HXMT
covering a broader energy range 1-250 keV (Li 2007; Zhang
et al. 2019) have also observed the source seven times be-
tween MJD 58773 to 58776 for 150 ks in total at the flux
of 1.3− 1.7× 10−9 erg cm−2 s−1, slightly higher than that
observed by NuSTAR. However, even then the source turned
out to be too faint for the spectral analysis at hard X-rays.
The timing analysis is ongoing and will be published else-
where. We emphasize, however, that the source shall be the
first priority for HXMT whenever it undergoes a brighter
outburst as it is currently the only mission capable of testing
presence of a cyclotron lines in the ≥ 80 keV energy band.
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